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CAL MOGEL OF YUUCA MOUNTAIN

EES Los Alamos National Laboratory,

s Waste Storage Investigations (NNWSI)

ical geophysical mocdel 1s beilng complled.
rer.t and relevant straligraphlie, petrocloglce,
. ganchcmlgal and materlal data assoclated with a candldate

c<a Mountain, Nevada. A geochemical-geophysical model is

rneeded o | roviae support and confldence to the Systems Performance cal-
culatlcens, etermine whether the data collected as part of the site
characterization provide the informatlon needed by the design and performance
assessment task, ancd (3) provide the most accurate and referenced foungation
oh which to pase tne radisnuclide transport calculations. In this report the
Khowh repssitary data are compllied and unknown parameter values are estimated
rased on the available gata. It 1S concluded that more data are needed cefore

e gecchemical geophysical model of Yucca Msuntaln can be regarded as saris-
actory and a sultable pase for multlaimensional predictive filow and

ransport slmulations. FHRecommendations for future studles concerning sit2
naracterizarion and data aqulslticn are presented.
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INTRODUCTION

The Nevada Nuclear Waste Storage Investigations (NNWSI1) Project 1s
charged with studying the feasibllity of placing a high-level ruclear waste
repcsitory 1n the volcanic tuffs bereath Yucca Mountain, Nevada. The cumula-
tive release of radiorucllides to the accessible environment for 10,000 yr
afrer dispcsal i3 limited by the Environmerital Protection Agency (EPA) in
conformance with 40 CFR 191 [1]. An effort 138 under way to ccllect the
rnecessary parameter values, complle them 1rnto a geochemical-geophysical
model, and Adetermine areas 1n which more information 18 reguired 1n order to
(1) previde support and confidence to the Systems Performarnce calculations as
required by 13sue3 1.1 and 1.6 [2], (2) determine whether the gata collected
as part of site craracterization provide rhe information rneeded by the design

arnd performance assessment tasks, and (3) provide the most accurate zna
refererced foundation on which to base the radionuclide transport calcu-
lations. "n thls paper. a comprehensive, referericed geocheml-3il geophyslcal
mgde]l c~ntalning the current geochemical, stratigraphic, petreclogic, hydrc-
geologlc, marerlial agata, and source terms for thne Yucca Mcuntaln site 1s

In 2 recent report [1], the geochemical geophysical model

ribed 1in thig pa;er was u3ed as i basis for a set of transport calcu-
onsg known repcaitory data are presented and uhknoan parameter vilues
Leen eStimated based on the avallable Jara. commendations for future
concornlng sjte cparacterization and 4ata aqullltlsn are pressnted,

The gecchemical propertles and procaosses that affect rrdhqDﬁrr ire sorp-
tlon ang temparature,  Stratigraphy, hydrogeclogy, ma
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are impermeable asd fractured, while the ronweldead tuffs are permeable and
unfractureg [12]. The geclogic, hydrogeoleg:c, and gecchemical properties
may differ from one unit to the nexi. These agifferances may significantly
\mpact the rasuits of transport calcilations.

Figure 1 shows 1n a schematlic form the general stratigraphy of Yucea
Mountailn [5]. The stratigraphy for the mcael 13 derived from the projectad
base unit elevations provided by data from the TUFF Dara Base [13! for thne
pOlnt approximately midway between the drill hsles USW H-5 and USW G-u4 [6].

Th1s location was selected because smaller relative error estimates as-

soclated with the elevatlons were given by kriging che data ottained form
drill hole data [14]. The kriging done by Campbell [14] has the aavantage of
connecting a measure of confiderice tos the elevation data. The actual eleva-
rion were taken from the TUFF Data Base [13] p2cause the gata base 1S very
2asy to access. . thls case, the TUFF Data Base provides the sane values
for rhe elevations as those cbtalned by kriging [14]. Tne static water level
{SWL} 1s defined to be at an elevartisn of zero mcters and the battom of cthe
potantial repository slab is at an elevation of 257.7 m.

The mountain 1S aivided inte nine fundamental units [6]: (1) Tiva
Canyor weldea, TCw: (2) Palntbrush nonwelaed, PTn; (3) Frow Pass welded, PPw;
(6) Upper Crater Flat nonwelaed, CFUn; (7) Bullfrog weldea, BFw; (8) Miagle
Crater Flat nor~elded, CEMn; and 79) Tram weldesd, TRw. Trree of the units,
the Topspah Spring welded, Calice Hills nonwelaed, and Miadle Crater Flat
nonwelded, are sutdlvidea. The Topopah Spring welidea unit 18 divided into
three supunits, TS«1, TSwZ2, anad T3wWw3. The Calico Hilis nonwelged unit 1s
broken into four subunits. Three basic Subunits aefined <ithin the Zalico
Hills urit are CHnl, {Hn2, and CHn3. A zeolitic layer 1ntersects both CHn1
and CHnZ at polnis withln the potentlal repository slab. Because the
zeolltic layer 18 primarily within tne CHn2 subunit, the rirst Calico Hills
Subunit was further divided 1nto two smaller units. The firs3t sutdivision of
CHn1, CHnlv, is a vitric layer. CHnlz is the zeolitic layer beneath CHniv,
The next twd subunits, CHn2 and CHn3, are poth assum2d to be zeclitic layers
having distinct material properties. Finally, tne Middle Crater Fiat unit
was suba‘vided 1nto three zones, CFMn1, TFMnc, and CFMu3. Each cf the 16
material units are assigned vaiues {or the prcperties and parameters needed
for rransport calculations.

A zeolitic zone occurs in part of the top layer af the Calico Hills
unit. This zeolitic layer is fairly > =p Ir the west and south of tne
repcsitory plock [6] but runs cleser te tre top of the Calice Hills unit as

L.
one moves north and east. This layer does not run threugh the entire moun-
tain ana would be a factor in transport calculations for only a portion of

the repcsitory. The stratigraphy cor ti.2 potenrial repcsitory site exhibits a
large spatlal variation in horizontal as well as vertical extent. The thlick-
ness of the var:isus layers, and In cases the existence <f those laters, 18
a

c
ot
1
2]

dependent on the Jlucation within the nauntaln

Fluid flow at Yu<ca Moufitaln oClurs Unrgugh hetarcgenecus, anlsstropic
fractured tuff. Lirtie 13 know 3bcut the groo: dwter {1ow In the uns3aturiated
7one, and Investigaticns 1n thils area are In tra preliminiry stages [15,16])
Analysls Indlcate that the vertical percalatics 19 nongniform In the un-
saturatedq zone [15] Fraliminary calculations [1R] inglcate thar paciule o
the J1p of the Strarigraphic unlts and their hyJ~hullc properties, a 3ig-
rifficant proportlicn of the flow rear the propossd repolltary horl>cn may be
diverteq 1arrrdI1y into a permeabie f5ult zore. Th: magnitude 30a 1o r

of rhe Zalculated jateral flow dnpend upan whethar matriL-flow or I
10w -injlriﬁrq are ass fo e fracrared anit3, updii the
specif1ed At the ground Su z and upan the nydranlls proparbic 3 3:
ta the fiult zane The results of these calcultlea9 are furoncr oo




by pooriy krsw rydrauile paraveters sich as the characteristic curves of
moisture retention ard relatl.e psrreabliites (6]
A;"“,gn stratigraphic s-alyses srnow tne presence of tipped beds, and
hydroiagls S:udles 1ndicste that tre tipplng may affect fiuid fleow,
too 1::1e 15 £7OwWr atcudt thess effects o lncorporate them :irto our Todel at
present. Ir tris report 1t 13 assumed that the recharge rate 18 appilea as a
constant vertlcali velocity filela over the erntire mosiuntain; this 13 the

simplest-case scenzrio for si~zlating raliornuclide trarsport. As site
characterizaticn proceeds, the hyiarog=2oicglc mcdel ~111 be updated. For all
the strartigrapric uinits, tre flow 18 presared to be matrix dominated, with
irsigrificzart lateral or fracture flow. Arn expected value for u tre
average J&rt1cai 10w rate, 1s 0.2 rm yr, wnereas ar extrene vaife may be a3
high as «.5 =m yr (15,'7].

Molacdlar L:ff.slon

Molscuiar :1ffusion causes mixing of trne contaminants In zne flihid be-
cauSé 2icn 321.re has 1tg SWn pat:iilne with rescect to the flow zZomal=w as
well as 1ts cwWwr veloclty aiong that pathiins. The trarsport time bet.een
polrits of irterest wili be iergtremel 1f the fiow veloclty 1S relatively
srali 3o that 2-cugh time ex1s5ts for a pcrticn of tre radionuci:ge to diffuze
1nto the surro_wdlng matrix fi.id. Ciffusisn cceffrelernts are hara tos ob-
talr., ara 1t appears trat they are2 nst krawn for mary 2f tre radionuciides,
For most of tre actinides, the vaiue of tne 131ffusion coefficient charges as
a furcticn of speclation, and the spec:ation, coth temporaily and:or spa-
tialiy, 13 gene-aliy unknown. Plutorium, pecause of its tendercy to fora
collcidal strictures, may have diffusivities sev Pral orders of magritude
smalier thar. an expected value of 1.4€ x 19 “* emlss [181 Therefore., since
so few data w2re avallable, a singie value of 1.5 x 10 cm?ss [18] was
ctosen as the diffusion coefficient for all the radionuclides. This is con-
si1stent with values for other raterials. which normally have diffusior
coefflciers on the oraer cf G~ ° em? s [19]. Actuai values will be incor-
porated 1nt2> the model as they beccme avallabple.

Constrictivizy

forstric'.1ivity, T , 1is a ccmcination of two factors: the deviarion of
the pathilne of transpSrt fror a straight patn (the stardard definitisn of
tortucsity) ard the narrowlrg ¢f tre pores i(the standard defirition »f
constrictivity). For actual perows systems, 1t is daifficult to separate the
two factors (27). It 1s aiso tnis corbine. Juantity that 13 determined
€eaperimertaiiy. Hence, constrictivity is corsidered ta be the zcmbirnaticn oSf
pathline dJeviation and pore nar-o=-1ng. Vilues for T_ were dJetermitied from
diflusior. ceii experime~ts i18). Ffor -the we ded units, T = 0.037, ard for
the ronwelded urits, t_ = 9.03% ['§]. ¢

The avallatie gatd were crtaired usl g sampies fror eazh of the layers
arcurd and telow the potential repcsitary slab, the Topspah Spring ara Cailce
Hilis units. The data from the Toropar SCrirg unlts srowed - > scaie effect
ba3led on sarpie -hickress, and the val.e -h*j1ined from rthe sarpiel witni-
this urnit was used for all of <rne ctirer w=lisd uanits. The Jalicc Hi1.18 <ara
exnitlted a .ery strorg depewdserce orn sarfie thilckress, —itn 2 zerreiatlon
ccaefficlent of -2.997€ tetween tne zcratriztivity ccefficie-t and sarrie
th:cknegs, Tne anisotrsple ratare 3f the ~aljeq tuffs 1s pstentially respar-

sikie for the scale dependence, Tr_,a, urken sarples are smail, *here 18 3
preferred direction for flow kEe-3.32 2rf t-a —~anrer 1m w"ick the rtuffs .era
for—ed., The exZerirerti) 4i%t3 -ere tjeer from 33mpleg t3KE” wl1lth “he sarme
or'e=t3tion =3 tre tuff redqs, i-d -erca rtrey ali 3kow The sa~e sreferc-riz]
patterw tc flow (18], 1 s teiiz.eq trhat nri1g dopesde-ce .11, Zfale to ex-
18t after a carraln 3~nie 312e 13 exceenz]1 (18], Tnas, tre i mptotis ville
srt>411 te used for tre 231129 11103 urit 38 .eli ag "ra ~rrar —~r_gidsd



units, cecawse all the material layers have thic«resses that are greatsr than
any of the samples used 1n the experimsnts.

Material Prcperties

Tre groperties and characmeristics of the gaolsglic medla that affect
transport are saturatlon, porosity, matriX buik density, and dispersivity.
The matrix tulk dersity affects transport only through the gecchemical

process ard the particular definiticn of ejuilipriua sorption wsed in this
report. Pased on the best avaliable information, we have assigrea valiies for
these rrogerties to the 16 s-.cunits. Vvalues for saturation (0), porosity
(€), ard matrix bulxk density (d: for tke '5 subunits are given in Table II.
These vaiu2s are tre unwelghted means cr drill hcle data provided by tne TUFF
Data Rase [12,2']. Note that tre psrosities of the Tcpopah Spring units are
a factcr of three i1e3s trhan the perosities of the Calico Hills norwelded
unics.

Mecrarical dispersion 1s tre mixing process that occurs when streamlines
converge 1n the rarrow LeCKS cetween partlcles ard daiverge in the large
interstices. Infcrmatior corcerning mechanlcal dispersion and dispersivity
Joes nct ex13Tt at trhls time. Ore estimate of the d:3perslon coefficient for
the tuff 13 '.C x 0" erl s i22]. Since the lorgitadiral dispersion coeffi-
cient contrcis the amount of dispersion in tne directior of flow, wn:cr Is a
ma jor factor 1r the trarsport of radioriclides, a rnieed ex1sts to Jetermlne
this g.antity with more confiderce. Also, the values currently beling used
are trke same fcr born the highliy fractired, weldad units and the relatively
unfractured, ronwel’ded units. 7The rigkly fractured units should exnibit a
larger value of dispersivity tnan do the nonweided units. Where there are
large aifferences in the degree of f-acturing the values may d.ffer by more
than a faczor of 10. The field tracer experimerts to be conducted at the C-
Wells will provide more gata on dispersion In Yucca Mountain tuffs.

Temperature

Tre dersity of water at 3.38°C 1s 1.0000 g-<~'. Since the amblent tem-
perature within Yucca Mo;nta1n 1s estimared at 34°<. the appropriate density
for water 1s 0.39440 g-cm' [23]. This change 1s re_atively insignificant
when ccmpared with the urcertairties of other parameter3d, such as matrix den-
sity or saturation. The visccs:ty of water at 20°C 1s 0.01002 g-(s-cm). At
3u¢C, :he v1scosity of water 13 0.0073L4 g s-cm, resuiting in a 27% decrease
in valwue [23]. The viscosity 1s us2d 1n cthe flow caiculations. The vis-
cosity 18 rnot regulred for transport calculations if the fiow fieid 1s
predeermired.

RADIGNZCLIJE SOCrCE

For tra-3port caiculat'<rg, trke Inmiti1al concentraticrs of .ne

radilor.clides must ce KnGwr. for wrani.m, 5.0 x 10°° g ¢m? iderivea from an
origirnal vaise of S ppm on a mass tasig [24]) 1S ass.ared to be r-lﬁ15ﬁ3 from
the was:e £3 Kage. For tecrrez:ium, 2.f x 107" ['4 em’ was caie-.
U500 pCi cm” <btalred for sociatizns <ver H. B. Fcrinson bare ©

conyers:ar fastar a.s2d inotre tecrretisr calcwiation s 5,87 x

Tr.s 1s nct the expected lerg-term ssurcZe . .i.e; rat=er 1T 13 tne early
pr:fersrr-ia, reiease vaiue 1cd4]. lzang-term techrer!.m rejeise .culd e ex-
pecied ;5 be 8.7 t:m3g smyiler. Tre vaiues cuarrently tel~g used are rot
relitea <o -a%er foux. In tre fit.re, 3ource terms <111 ce dater—ired as a
functiz- ¢f water per borehcie rer jear. It 13 expected that they will be
corserted ts Somcantratlan as 3 furcrisn of reckarge rate [25]. The
ral's—.cli2es americlum and platarl.m were ot 1rcialed in Lk1g 1ni1tlal
pre.'x_rary gecchemical gecrhy31cas mcisl teciwss of lack of 2 seurce rernm



In rnis sscticn, the limitaticns of the K sorption mogel, 30rprion onts
articulares, and &ffects of temr-zratdre are alscussed.
r

Sorptilon Model

Using a K, for preadictive purpcses 19 usually considared to be valla un-
der the assumptlorns that local chemlcal equilibrium 15 atrained, the
radioriucliae 1s present in trace amount3, the sorption 1ssatherm is lincar,
and the K  value 13 spatially and tempcrally constant and independent of the
bulk Soluglen compositicn. Although the conven.erice ard computational ease
of the K_ approach 18 peyond cdispute, it has had conly limited sSuccess in
mcdeling observed behavior and ivs validity as a means of dzveloping reliable
predictions of the benavior of .ontaminanrs In actual groundwater systems i3
thus questionable [e.g., 26.27,28,29,30). The distributicn coefficlen: for a
particular radio-ucliae 18 not uniquely dependent on the properties of the
porous madla but 18 rather an operational parameter of little or no ther-
modynamic significance. A K, tells nothing about spe.ific chemical reactions
occurring 1n the system, nor about what physical or chemical processes
control the reactions. In patch .ests, tne distritution coefficlent is
usually determined under 3 given set of chemical and physical conditions that
may or may not be representatlive of either con3tant or changing (dynamic)
conditions in the fleld. Limitations and uncertainties that are 1inherent 1n
the use of tne K, approach within the transport framework exist because of
geochemical effedts, the neterogenecus nature cf the stratigrapnic units, and
the effects of dispersion and advection. Therefore, 1f the system changes
gecchemically o." geopnysically with time, an equilibrium distsitution coeffi-
clent may not be valia for mndeling sorption and transport under the changing
or new conditions. A K, may be uced to plac~ bounds on expected sorption
benavior, but 1t may nog pe always accurate to use it to model complex chemi-~
cal processes.

Three examples of the lmportancs for understanding sorption 1n more
detail Is () tne observed disparity between batcrn and column results, (2)
the scrption oi radlonuclides as a function cf groundwater chemistry, ana (3)
the transport of radisnuclides thrcugh fractures.

For nestunium, plutonium, and americium, the distribution coefficlents
determined from crushed-rock columns are significantly iower than those
determined by the tatch method {7]. Thes eviderce thus far inaicates that ac-
tinide sorption may 1involve one or more time-dependent steps and changes in
speciation. If tne batch metnods are producing relatively larger dlstritu-
tion coefficlents than the column experiments for the actinides, we may ce
overestimating sorption. If these values are used 1n a transport calcula-
tion, we shiculd Ge at ri1sk of underecstimating radionucliiae release ts the
accesslble environment, B

Second, the groundwater compositisn controls such factors ag the oxi1aa-
ticn state, speclation, and 30lublllity of the waste ejements and the Surface
chemistry of the psroug media, 3li of which can affect sorption of

radionuciides onto tuff. A reca2nt investigatisn [31] reported scrption and
desorptisn ratios for cewlum, Strontium, barium, europlum, and tin obfalneg
irn narch gystems with three different groundwater compositicns and three aif-
ferent tuff samples. In 3 batch system contatnin: Cacl, ssiution, 1213
warer, (concentratlion of T_ = 120 mg L, concentration Bf Ci = 221 mg L) and
a vitric, Topopan Spring Memper tuff, the sorptilon ratic of atrontium was an
order of magritude dmaller than that scserved whorn pure J-13 water w3 used

lor. may bhe the complexat

s
Qrie expianatlion for the Jdecrezse tn S3rp
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reaction. Tnis is Just onée example of how changing the groundwater composi-
tion can affect sorption. The limitea data reported on the grcoundwater
compcsiticsn of the vadose zone [31] show the Ca and Cl concentrations at the
91,.32-m depth are an order of magnitude greater than the concentraticrs 1in
pure J-13 water. Therefore, one mlgnt eipect less 3orptlon in the un-
sarurated zone than in the laboratory using pure J-13 water. Understanding
the gsochsmical composition of flurd in the unsaturated zone should be given
a high priority.

Third, 1f radlonuclides and other undes‘rable elements of the waste
package are rtransported through fractures, the surface of the fractures may
be alterea pecause of preclpitation or sorptlon onto the surface. The
radionuclides being cransported through the fractures with an altered surface
may exhicit aifferent sorption behavior than those observed previcusly 1n rthe
laboratory. Thnese charnges 1n sorption may change the overall integrated
transport of radionuclides.

To 1nvestigate the sorption of radisnuclides further and clarify any un-
certaintlas, the followlng activities should be pursued: (1) assess the
validity of using equilibrium alstribution coefficients to model sorption cf
radionuclides (in particular, actinides) on tuffs, (Z2) examine ind aefine the
limits of cthe applicabhility of laboratory-measured sorption values o the
field situation at Yucca Mountain, (3) evaluate the applicancility of using
parameta2r values obtained in tne laboratory under saturated conditions 1n
calculatisng of transport through the unsaturated zone, {(4) examine
ragionuclide sorption under unsaturated conditions, (5) experimentally inves-
tigate the sorption of radionuclides by using the geochemical cumposition of
fluid from the unsaturated zone, and (5). if necessary, examine alternative
sorption models. These activities should be investigated by using an in-
tegrated laworatory, fleld, and modeling approach.

Particulates

Leached waste elements could migrate as dissolved specles with the
grounawater. However, 1t is also concelvavbie that particulates moving with
the groundwater could strongly sorb various waste specles and transport these
elements tnrough fractures and cpen matrix pores. Particulates may be small
m-rneral fragments of the tuffs or natural collolds (e.g.. iron nydroxides or
r ays). Buddemeier and Hunt {32] concluded that transition elements and lan-
thanide rucliies observed in the field 300 m from a nuclear detonation cavity
at the Nevada Test Site are moving by particulate transport. Kerrisk [33]
reported tne approximate concentration of >0.4-um particulates in J-13 water
was 2.7 x 107 g/L. It 1s clear that the cumulatlve radionuclide release to
the accessible envirorment may bte increased 1f radicrnuclides strongly sorb
orito zartlculates that are transported through preferential flow paths. To
characterlize, quantify, ana model particulate transport, data pertalning to
the fcllowing particulate characteristics should pe obtained: (1) concentra-
ticn, (2) size distribution, (3) ¢ompositicn, (4) adsorption characteristics,
{(5) agglomeratisn ‘capture behavior, and (6) scurce term as relates to
particulates.

Temperature

Temperature can strongly afrect the chemical reacrions. Reactl
and egulllbriun sorptlon ratics mo; vary oy at least an arder of magn
cver the temperature rafged expisted witnlp the mountain [(34]. Beca
the smoothing out of the surfics (iaperature cycles by the interventi
c¢f marerl1ali, the madei aAs_uma8 | .~ heimal conditions wlthin the mount
This i5 a -orrect assump_i<n AL A Alstince from the surface (1.e. | ne
repssitory).  “re avallabi2 values for ta2 K "9 (Tavle 1) [ 1
tained At room tomparatre, ZI1°C to FueC *ﬂ 3e valu2g are oroc
[34] tran woula be foune at 4°C, th

-
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within tne mountaln. There has keen no significart investigation into the
effects of temperature on sorption 1n the far fleld, althciugh this 1is clearly
an 1mpoertant factor. The experimentally determinea values for the sorption
ratlss can be modlified to better approximate thase at the actual tamperature

[35].

Geophysical Properties and Processes

Several factors need to oe Ilncluded 1n future geochemical: geophysical
models of Yucca Mcuntain. The stratigraphle medel for the transport calcula-
tion3 shcould include the 5- to 10-degree eastward tilt of the tuffs and
explicit fauits [€]. In a recent report [16] 1t was shown that lateral flow
caused by tne tipped peds sccurred under both macrix and fracture floiw
conditions. Explicit faults, such as Ghost Dance fault, were not included at
this time because of the lack of data avout fault parameters. The valiies
needed 1nclude fault width, porosity, saturation, anc hydrologic conductivity
or permeability. Even 1f fracture flow 18 determined to be insignificant,
the tipped peds and faults sti1ll rieed to be modeled because they may provide
a very short transport pathway to the water table. If a porticn of the flow
is diverted arcund the Tuff of Callco Hills and into a much more p=2rmeapie
fault zone, the groundwater travel time to the accessible environmsnt could
be decreased and radionuclide releases cculd be Increased. Thils scenario
should warrant careful consideration 1n future investigat.ons. The presence
of the zeolitlc layer and the interaction of this layer with the firs: two
subunits of the Calico Hills thermal mechanical unit also should be more
fully represented.

CONCLUSIONS AND RECOMMENDATIGNS

As a precursor to modeling the transport of radionuclides at the poten-
tial repository, a compreherisive gecochemical ‘geophysical mcdel must be
complled. In this report, a geochemical-geophysical model, which incor-
porates the relevant srratigraphle, petrologlic, hydrologic, geochemical, and
material data is discvssed. This meodel provides a referenced and up-to-date
foungatlor on which tc base radioruclid2 transport calcula:zions.

The following impcrtant facters in model development are cbserved:

(1) Many of che stratigraphic urits do not have associated K values ob-
tained from experiments performed on {leld sampies.

(2) The sorption ratio data exnh!bit large amounts of spatial nonunlfurmity
and associated uncertainties. For exampie, the K, value for '"Tc in the RSw2
stratigraphlc unit is 4 times larger than the nexg largest value.

(3) There has been no adequate investigation into the effects of temperature
on 3Sorption.

(4) For tr= actinides, tha batch sorptlon metnod produced a largeér Scrption
ratic than did the clirculating-cslumn and crushed-rock experiments.

(5) Investigaticons concerning tne natural groundwater flow 1n the un-
saturated zorne are 1n the preliminary sStages.

{6) Values for the dispersion ccefficients have no en measured.

(7) Information iIs sciarce concerning the s—urce term for tre radlanucllages
known to ex1st In the waste picKarge. For tws of th digruclides, tech-
retlum and urarilum, a Source tarm 13 avalliable.

The followlng [ inclpal concluslon was reached from complling this
preliminary gecchemical geaphysical mogel:

More data are rieeded before tne gescnemlcal geop
Mountain can pbe regarded as a sultable pase for mult
transport predlcrlive qlmgiarlﬁrs

The f‘llﬂwlrﬂ recommendar s

quistrlian to more rullv chiracteriz



(1) Unless data can be Inf=rred with an adequate degree of confidence, more
geschemical scrption and marsrial proparties data should be gathered. In
some cases, data exist wlthin cne layer but none exist within the next layer.
(2) Trere 1s a strong need for some type of aata analy 18, such as kriging,
on tne parametars lnvolved with characterlzing the geologic medium. For ex-
ample, the sat.raticn, porcsity, and bulk density data could perhaps be
extrapolated to locatlons awiy from the drill holss, and estimates of error
coiuld pe assigrned to the parametar values.

(3) Experimental error estimates shoula be provided by thsose obtaining the
data.

(4) More specific geochemical effects should be investigated, such as the
effects of groundwater ch:zmistry and temperature on Sorprion and alternative
sorpticn models should be examined.

(5) The validity of using the distribution coefficient to model scrption at
Yucca Mountain should be evaluated.

(6) Laboratory and field experlments to investigate sorption under un-
saturated conditions may have to pbe performed.

(7) Sorption of radionuclides onto particulates may be an important process
and the presence of particulates should be investigated.

(8) Tippea material layers and explicit faults need to be included 1in the
stratigraphic mocdel used in transport calculations.

(9) A better understanding of the natural grounawater flow in each of the
stratigraphic udnits 1s needed.

(10) Mechanical dispersien and the dispersivity of the welded and nonwelded
tuffs neea to ce quantified and better examined.

(17) Laboratory investigations should be integrated with the field and model-
ing i1nvestigations.

Based on these observatlons and recommendations, iterative modeling,
professional jJjuagement, and programmatic requirements will have to be applied
to assess fiuture research plans which will be germar? to calculating the
limited release of radionuclides over 10,000 Y.
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Table I 5]

AVAILABLE, (A), AND ESTIMATED, (E),
K VALUES FOR YUCCA MOUNTAIN TUFFS

d
Te U Pu Am
icnd- L ] S . [ I
{ca”-p) (em”/g) (em”/g) (cm”g)

Unit (A) (E} (4) (E) (A) (E) (A) (E)
TCw 06.346 2.8u4 165 3860
PTn 0.006 5.90 4500 885000

TSw1 0.159 0.75 195 3€30

TSwW? 0.72 2.8u 220 3860
TSw3 0.00 0.00 363 1110

CHn1v 0.04 0.00 290 1760

CHn1z 0 0098 5.33 59.8 3330

CHn2 0.0098 12.0 59.8 3330
CHn3 0.0098 6.75 59.8 3330
PPw 0.3u46 2.4 51.0 4200

CFUn 0.181 b.03 298 2900

BFw 0.3u6 4.98 165 3860
CFMn1 0.0098 6.75 56.8 3330
CFMn2 0.0098 6.75 59.8 3330
CFMn3 0.0098 u_35 59.8 3330
TRw 0.3u6 0.5 165 3860




TABLE II
MATERIAL PROPERTIES OF STRATIGRAPHIC UNITS

Saturation [21] Porosity [121 Bulk Density [12]

Unit o € p(g-cm?)
TCw 0.8614 NA 2.25
PTn 0.82u1 NA 1.42
TSu1 0.8153 9.11681 2.17
TSw2 0.8857 0.11681 2.26
TSw3 9.7588 0.11681 2.30
CHn1v 0.8598 C.35405 1.53
CHn1z 0.8896 0.30636 1.59
CHn2 0.9144 0.39636 1.78
CHn3 0.9401 0.30636 1.48
PPw 0.8u74 0.25274 1.86
CFUn 0.9203 0.32393 1.64
BFw 0.8706 0.239v9 1.38
CFMn1 0.9291 0.25572 1.8u4
CFMN2 0.9803 0.25572 1.8
CFMN3 0.9472 0.25572 1.75
TRw 2.0974 0 20383 2.08



SWL

Base Unlt

. Elevation (m)
631.65
TCw
647.12
PTn o3
TSwi
— 398.01
Potentla! ReposHory Slab %W 302.69
TSW2 P IIOEIIISIENIEYI | 25709
18721
TSw3
165.48
Chniv
133.71
CHn1z
82.17
CHn2
62.63
CHn3
47.29
PPw
5.50
000
CFUn
-T7.11
BFw
-202 09
CFMn1
-208.44
CFMn2
-215 62
CFMn3
-247.84
TRw

-310 64




